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The increased incidence of cutaneous malig-
nancy found in Caucasians living under conditions
of high solar radiation has been known for many
years. Investigation of the pathogenetic mech-
anisms indicate that ultraviolet rays are carci-
nogenic (1, 2), and that the particular wave-
lengths concerned lie between 2,900 A and
3,100 A (3). It has been shown that the stratum
corneum filters out 90% of the incident light, and
the melanin pigment present in the epidermis is
an effective filter for the carcinogenic wavelengths
which have penetrated the stratum corneum (4).
However, where the incident radiation is very
high, and these protective powers of the epi-
dermis insufficient, the ultraviolet rays penetrate
the dermis, and after many years cause the
chronic dermatosis known variously as sailors'
skin, farmers' skin, collagen degeneration, and
senile or solar elastosis.
The histological changes of the dermis in this
condition have been described by Unna in 1896
(5), and by a great many workers since then.
In addition to the basophilic staining of the fibers
in the mid- and upper regions of the dermis,
twisted masses of fibers appearing in this region
stain like elastin gave the condition the name
elastosis. As these histological changes are never
found in "unexposed" skin, even in the aged
(6, 7, 8, 9, 10) the term senile elastosis is a poor
one, and should be replaced by actinic, or solar,
elastosis. With increasing exposure the fibrous
nature of much of this material is lost, and most of
the dermis may be occupied by amorphous,
elastotic masses. In the papillary layer of the
dermis many of the blood vessels become widely
ectatic. Graded doses of ultraviolet radiation
cause a thickening of the stratum corneum (3),
which may decrease the dermal damage caused,
especially in cases of albinism or vitiligo where
little or no melanin is produced (11). In estab-
lished chronic solar dermatosis there is a flatten-
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ing of the rete ridges and the epidermis is thought
to be thinner. However, Freeman ci al. (12)
found no significant differences in epidermal
thickness in relation to age or to sunlight ex-
posure. The great differences %shieh exist in
susceptibility to skin damage by ultraviolet light
between Negro and Caucasian have been thought
to be due to the presence of a thicker stratum
corneum in the former, but there is no evidence
for this. It was suggested by Thompson (13) that
the amount of melanin present in the epidermis
accounts for the disparity. Melanin pigmentation
is usually increased in chronic solar dermatosis,
and Mitchell (14) found that while some cells are
hyperactive, others are unable tD form and pass
on melanin to the epidermal cells, resulting in the
mottled pigmentation in this condition.
Biochemical studies of the basophilic mate ial
in the dermis indicate that it can be differentiated
from both collagen and elastin (15, 16, 17).
Furthermore, the mucopolysaccharide content,
and also the ground substance, is increased in
elastotic areas. (18).
The earliest electron microscopic studies of
elastotic dermis involved extraction of the fibrous
elements of the dermis by tryptic digestion, and
examination of the precipitated fibers (19): they
were also examined after treatment with various
acids, alkalis and enzymes (20), and after ultra-
violet radiation (21). This work showed that
collagen may change to elastin, or an elastin-like
fiber, in t'itro under some conditions. However
Banfield and Brindley (22) examined areas of
collagen degeneration in the dermis and concluded
that the abnormal fibers were due to a change in
the elastic fibers, which suggested quite a differ-
ent etiology of the condition from that of the
previous workers. Recently Niebauer and Stock-
inger (23), in a combined electron microscopic
and histochemical study, concluded that there
is a change in the collagen fibers, and from this
material elastotie masses ar° formed. In dis-
cussion they attempt to draw together the facts
known about the biochemical changes which can
occur to collagen when degraded by various chem-
icals, in relation to the alterations in the histo-
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logical staining reactions of "senile clastosis",
and its electron microscopic appearance.
This study was undertaken to attempt to
clarify the problem of the origin of elastotic ma-
terial. As all stages in the development of the
condition may be met with in one specimen, it
was considered that careful examination of a
few specimens might reveal the steps involved.
There has been no electron microscopic descrip-
tion of the dermis as a whole in chronic solar
dermatosis, and so the vascular and cellular
features of the dermis were also examined.
MATERIAL AND METHODS
Six specimens of normal skin from exposed
regions of the face and neck of fair-complexioned
Fin. 1. The elastic fibers of the dermis are
stained black. There are no orceinophilie fibers
immediately beneath the basement membrane.
Thin, rather vertical fibers in the papillary layer
are separated from the coarser, more horizontal
fibers in the reticular layer by vessels of the rete
subpapillare (r.s.). Swollen, elastotic fibers (indi-
cated by arrows) are developing on normal elastic
fibers in the upper reticular layer.
Skin from the thigh of a woman aged 43. Sec-
tioned at 7p and stained with Orcein-Gicmsa.(x 200).
men and women were obtained, after local anes-
thesia, in the operating theaters oil the Brisbane
General Hospital. The subjects were from 53 to 77
years of age. Five of them had obvious chronic
solar dermatosis and had suffered from one or more
epitheliomas or rodent ulcers; one had only a
minor degree of dermatosis.
These specimens were prepared for electron
microscopy by fixation in Palade's veronal-acetate
buffered osmium tetroxide (24) for 11'4—2 hours,
dehydrated in acetone and embedded in Vestopal-
W.' Sections were cut on a Porter-Blum micro-
tome, and mounted on 0.1% Formvar coated grids.
The thin sections were stained with 8% uranyl
acetate for 30 minutes at 60° C, and with 1:25 lead
hydroxide (25) for 15 minutes. In some cases the
specimens were carbon-coated. They were then
examined in an Akashi Tronscope and Seimens
Elmiskop I.
These specimens, together with several speci-
mens of exposed and unexposed skin from younger
patients were prepared for light microscopy by
formol fixation. The stains used were H. & E.,
Gurr's Orcein-Giemsa (26), Wilder's Reticulum
and MeManus' P.A.S. (27).
RESULTS
The histological examination of elastic fibers in
normal skin showed that they tended to be finer,
and vertically orientated in the papillary layer.
In the reticular layer they were much thicker and
formed a horizontal network which was scattered
among the collagen fibers. (Fig. 1). With increas-
ing age, elastic fibers diminished in number and
in diameter, particularly in the more superficial
dermis, but maintained their staining charac-
teristics. This age change, however, tended to be
obscured in specimenS of exposed skin, because
of the new formation of oreein-positive fibers and
masses.
Skin that had had only a little exposure showed
twisted, fibrous swellings on the elastic fibers
near the rete subpapillare (Fig. 1), and this was
regarded as the first histological sign of solar
dermatosis. With more exposure large masses of
wide, twisted, elastotie fibers were found in this
region. These masses stained like elastin with
orcein and often had darker stained longitudinal
fibrils in them (Fig. 2), but stained blue with
hematoxylin. Up to this stage a continuous de-
velopment of elastotic fibers illustrated in Figs.
1 and 2 lie deeper in the dermis than the "elastic
globes" which Pinkus et el (28) found in exposed
skin, but were considered by these investiga-
tors to be unrelated to sun exposure.
* MartinJaeger, Specialities Pour Laboratoires,
Vesenaz, Génève, Suisse.
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FIG. 2. A twisted mass of elastotic fibers, which were basophilic with H. and E., are
shown in the tipper reticular layer of the dermis. An arrow indicates a transition fiber simi-
lar to those in figure 1. Ill-defined, oreinophilic fibers are present just beneath the base-
ment membrane.
Skin from the cheek of a woman aged 59. Sectioned at 7M and stained with Orccin-
Giemsa. (X276).
In severe cases of chronic solar dermatosis,
basophilic, orcein-positive areas extended super-
ficially almost up to the basement membrane,
and deeply to involve almost the entire dermis
(Fig. 3). This change was of an irregular charac-
ter however, and apparently normal collagen was
found immediately around the hair, sebaceous
and sweat glands, and often among the abnormal
masses, around blood vessels, and under the
epidermal basement membrane. No normal
elastic fibers were seen. The fibrous structure was
lost in many of these extensive deposits, and
masses appeared which were either amorphous
or had a fine network snrrounding lighter areas.
This network stained dark with orcein, and was
basophilie with H. and E. (Fig. 4). With this
aggregation into large masses, the ground sub-
stance between them appeared much more ex-
tensive.
With the electron microscope elastic fibers
appear to have a variable morphology. Their
diameter is equivalent to that of a small bundle
of collagen fibrils. In young animals the fiber is
homogeneous and translucent, but no such fibers
were seen in this material. With increasing age
the matrix of the elastic fiber becomes slightly
more opaque, and fibrils appear in it which are
poorly defined, rather short, and longitudinally
aligned. These fibrils become denser with age,
hilt lack any periodic banding. Fibers with very
dense fibrils were seen in this material, an ex-
pected finding in view of the age of the subjects
(Fig. 5). All the elastic fibers had a granular
debris adhering to their surface. This appearance
has been described Ly Banfield and Brindley
(22) in normal and Jegenerated elastic fibers.
Many elastic fibers had changes of the type illus-
trated in Fig. 6. Near the fibrils were round
inclusions of a homogeneous material which re-
sembled the surrounding ground substance, and
appeared to be derived from it. The fibers illus-
trated in Fig. 7 occupied extensive areas of the
upper reticular layer of the dermis. They ap-
peared very similar to the fiber illustrated in the
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Fin. 3. Orcein-stained fibers and masses which
occupy almost the entire dermis. At A a twisted
elastotic fiber appears to be evolving into a large
mass. At B are two masses with a dark periphery
and a retieular interior.
Exposed skin from the neck of a man aged 77.
Sectioned at 7M, stained with Orcein-Giemsa.(x 189).
previous figure hut showed a more advanced
degenerative change. They were greatly ex-
panded and contained larger, less regular in-
clusions of ground substance. However, their
fibrous nature and their relationship to elastic
fibers were apparent, and they were thought to
be similar to the fibers illustrated in Fig. 2 with
the light microscope.
Normal dermal collagen appears in the elec-
tron microscope as fibrils having a diameter of
approximately 900 A°. These usually stain uni-
formly fairly densely in transverse section. In
longitudinal section they exhibit a periodic band-
ing with a frequency of approximately 570 A
(29). Isolated fibrils may be seen in the upper
papillary layer, but usually they occur in groups
which increase in size in the retieular layer (Fig.
5). Although much of the collagen in exposed
skin appeared normal in the light microscope,
a granular appearance in the transverse sections
was often noted. Gross changes were apparent
with the electron microscope, affecting most of
the collagen in this material, although normal
fibrils could always be found. The collagen fibrils
showed a decrease in their ability to stain. In
longitudinal section there was diminished con-
trast in the cross-banding pattern, and in trans-
verse section the center of the fibril was pale,
and very fine filaments were seen around the
periphery of many of them. This change appeared
to advance to a complete disruption of the colla-
gen fibrils, leaving the filaments to form tangled
or granular masses of degraded collagen (Figs.
9, 10, 11, 12). Frequently, dense-staining, irregu-
lar deposits were found inside them. In addition,
these masses sometimes had an irregular translu-
cent rim, or this translucent material was found
throughout the mass in narrow, irregular bands.
(Figs. 12, 13). Fig. 14 illustrates an advanced
stage in solar dermatosis. Degraded collagen can
be recognized, in addition to a clear material
similar to that illustrated in Figs. 12, 13. How-
ever, the two were dispersed throughout the
ground substance and formed a structureless
mass.
With the light microscope, blood vessels in
areas of chronic solar dermatosis were frequently
normal in appearance. Sometimes, however, the
walls appeared thickened, or the vessel ectatie.
The fine structure of a normal dermal capillary
consists of an amorphous basement membrane
lying against the endothelial cells, with a few
reticular and collagenous fibrils beyond it. The
electron micrograph in Fig. 15 shows that the
basement membrane may be absent, and the
normal fibers around the vessel may be entirely
replaced by degraded collagen and elastotic
fibers. Many of the ectatic blood vessels had
extremely thin endothelial linings which were
sometimes discontinuous, or had increased in-
tercellular spaces between them. Such a change
is suggested in the regions of the arrows in Fig
15. A few examples were seen of small vessels
with much thicker endothelium than is usual.
In these the spaces between adjacent cells were
noticeably increased, with many micro-villi
projecting into the space; and large irregular
vesicles were present in the cytoplasm (Fig. 16).
Larger dermal vessels also had the same type of
degenerative material around them, and this
replaced many of the cells in the walls.
Normal dermis is fairly acellular, and this
was also found to be the case in chronic solar
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Fio. 4. Basophilic masses in an area of advanced solar dermatosis. These masses show
a particularly dark-staining, often fuzzy periphery, and a dark, reticular center with pale,
sometimes rounded clear areas inside the mass. Three blood vessels (by) lie on the left. The
lower vessel is unusually wide and is surrounded by basophilic material. There are very
large spaces between the masses.
Same subject as figure 3. Sectioned at 7z,stained with H. and B. (X276).
dermatosis. Many of the fibroblasts present were
normal, active cells, judging by the distension of
the endoplasmic reticulum. Others appeared
more quiescent with very little endoplasmic
reticulum, or were attenuated cells with very
little cytoplasm (Fig. 14). Apart from fibroblasts,
the commonest cells found were mast cells and
macrophages. Where mast cells were lying in
areas of degraded collagen, their secretory
granules were sometimes seen around them,
possibly because these could not disperse as
rapidly as in the normal ground substance. The
mast cells were usually attenuated cells in the
upper dermis, and more rounded lower down.
They had characteristically short, narrow proc-
esses, which were bifurcated close to the cell
body. (Fig. 17). The mitoehondria were elon-
gated, and their cristae numerous. The endo-
plasmie reticulum was not well developed.
Centrioles were often seen close to a nuclear
indentation, and near a Colgi zone (Fig. 18).
The specific granules were usually numerous, and
showed great variation in intensity of staining
and in structure (Figs. 17, 18, 19, 20). Some
granules had a complex lamellated structure
which was often polycentric, or surrounded a
granular core. Occasionally the only content was
a twisted thread. In some granules the contents
appeared stippled, or had a regular periodic band-
ing or lattice structure (Fig. 18), and it is likely
that such differences arc due to the plane of
section. IJsually a clear space surrounded the
granule. This was probably due to extraction of
some of their contents during processing.
The macrophages sometimes contained melanin
granules, or aggregates of melanin granules (Fig.
17). Other round membrane-enclosed vacuoles
(Figs. 17, 18) containing a finely granular ma-
terial, coarser and more deeply-staining at the
periphery, were frequently seen. These may
possibly represent ingested collagen or degraded
collagen.
Plasma cells and lymphocytes were occasionally
seen in degenerated dermis, especially in the
p
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FIG. 5. Three elastic fibers which show very dense internal fibrils, and a surface deposit
of granular and filamentons degraded collagen. Arrows indicate places where the fibers
appear to he opening up, and incorporating ground substance, and degraded collagen.
Dermis from partly exposed skin of the neck from a woman aged 53. (Electron micro-
graph X9440).
FIG. 6. An elastic fiber with dark, internal fibrils beside which are rounded homoge-
neous masses resembling the surrounding ground substance. Arrows indicate places where
the ground substance appears to be incorporated into the elastic fiber.
Dermis from the pre-auricular region of a man aged 70. (Electron microgn ph >< 16,650).
vicinity of blood vessels, but nothing unusual was
detected in their fine structure, nor were they
considered to be unduly numerous.
DISCUSSION
A study of the orcein-stained fibers seen in the
light microscope, compared with the same ma-
terial seen in the electron microscope, strongly
suggests that the elastic fibers can undergo a
progressive expansion, and lose their fibrous
character. This work therefore supports the
findings of Banfield and Brindley (22). The main
difficulty in accepting the hypothesis that elas-
totic masses arise from elastic fibers is that elastic
fibers are so infrequent compared with the col-
lagen; and if these masses arise from elastic
fibers, an explanation must be given for the dis-
appearance of the collagen.
The first problem, that of the striking increase
in the volume of the elastotic fibers, may be
explained to some extent by viewing the normal
elastic fibers in Fig. 1, which become continuous
with greatly expanded elastotic fiber at the
points indicated by arrows. The development of a
fibrillary pattern within the elastotic fiber can
be seen with the light microscope (Fig. 3), and
this partition sometimes appears at the surface
as a sort of fringe. In the electron micrograph
(Fig. 6), ground substance appears to be enclosed
within the fiber, adding to its bulk, and appear-
.
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FIG. 7. Twisted fibers which occupy extensive areas of the dermis. These clastotic fibers(ef) resemble that illustrated in figure 5, but have larger inclusions of ground substance
(gs) in them, and are greatly expanded. Degraded collagen (de) lies in the ground substance
and coats the elastotic fibers.
Dermis from the forehead of a man aged 64. (Electron micrograph X8096).
FIG. 8. At the top right is a basal epidermal cell, under which lies the basement mem-
brane (mb). At bottom left lie collagen fibrils (cf) cut longitudinally, and above them scme
cut in transverse section. Reticulnr (rf) and collagen fibrils, and filaments (f) are present
in the upper dermis.
Papillary layer of the dermis of the forehead of a man aged 60. (Electron micrograph
X35,200).
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FIG. 9. Alterations in the collagen fibrils. Several bundles of very pale-staining collagen
fibrils (pci) are shown on the left. In the center lies a tangled mass of filamentous material
in which a few collagen fibrils (cf) may still be recognized.
Dermis from the same subject as figure 8. (Electron micrograph X1O,580).
FIG. 10. Alterations in the collagen fibrils. A filamentous and granular mass of degraded
collagen lies surrounded by pale collagen fibrils (pci).
Dermis from facial skin of a man aged 70. (Electron micrograph X33,120).
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CHRONIC SOLAR DERMATOSIS 211
ing as rounded, homogeneous globules. In Fig. 7
this inclusion of ground substance is on a much
larger scale.
Elastin itself has different staining charac-
teristics from clastotic material (16). Niebauer
and Stockinger (23) showed that, although elastin
was not PAS positive, elastotic material was
strongly positive. They found that the strongly
positive reaction was only present in the early
stages of the elastotic change, and was lost by
the time large masses were formed. Elastase
altered this staining effect, but not hyaluronidase.
This staining reaction may be due to a wave of
change passing through the fiber, causing the
release of P.A.S. positive mucopolysaccharide
material from inside the elastic fiber, and a con-
sequent loosening of the structure of the fiber.
That collagen does actually disappear is sug-
gested by inspection, and by sectioning of the
solar-exposed skin. The loss of the normal weave
of collagen bundles would explain the loss of
elasticity and deep furrowing of the skin. Further-
more the dermis is extremely easy to cut, and is
quite unlike the tough dermis of normal skin. It
has appeared likely from light microscopic studies
that there is an increase in amorphous material
at the expense of the fibrous clement in elastin-
stained masses. This has been clearly shown to be
the case by the usc of a historadiographic method
(23). It has been shown that there is a substantial
increase in the dry weight of elastin in these
areas, and significant alterations in the amino
acid content, which indicate the presence of
more elastin and considerably less collagen
(18, 30).
The changes of the collagen fibrils which result
in their degradation to filaments has been illus-
trated in Figs. 9, 10, 11, 12. It is possible that the
degradation of fibrils is a reversal of the process
by which they are formed, but with the dis-
organized filamentous material remaining. In an
electron microscopic study of granulomatous
implants, Curran and Clark (31) illustrated
filaments which appeared first in the vicinity of
fibroblasts, then gathered around a translucent
rod to form a small collagen fibril which gradually
increased in size.
It is well known that collagen can be made to
stain with elastic tissue stains (32), and we believe
that the degraded filamentous and granular
collagen seen in the electron microscope is
orceinophilic. The fairly well-localized masses of
this type just under the basement membrane in
Fio. 11. Alteration in the collagen fibrils. A
mass of degraded collagen lies close to the base-
ment membrane. Collagen fibrils can be recognized
in, and around, this mass.
Dermis from exposed neck skin of a man aged
67. (Electron micrograph >< 8,280.)
Fig. 12 are probably the same type of material as
the moderately orceinophilie fibers located just
under the basement membrane in Fig. 2, in a
position where elastic fibers do not occur.
Reticular fibrils are finer than collagen, and
also have a periodic banding. They appeared to
be degraded in a similar way to the collagen as
they were frequently not seen in places where
they would normally be found, for example, in,
and under, the basement membrane of the epi-
dermis and endothelium. On the other hand,
reticular fibers may be increased in chronic solar
dermatosis. A histological observation of Nie-
bauer and Stockinger's (23), which was confirmed
in this study, was that reticular fibers were in-
creased at the periphery of elastin-stained masses,
but reticulin and collagen were absent from the
mass itself, which appeared empty with reticulin
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FIG. 12. Alterations in the collagen fibrils. The definition of the collagen fibrils is being
lost, and the arrow indicates an area where the filaments are being released from the fibril.
The mass of degraded collagen on the right of the fibroblast is more condensed and osmio—
philic than that shown in figure 11, has an irregular, dense, osmiophilic inclusion (ol), and
a peripheral irregular hand of clear material, which is possibly elastin. On the surface of
this is a layer of degraded collagen.
Dermis from partly exposed skin from the neck of a woman aged 53. (Electron micrograph
X7990).
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FIG. 13. The composite nature of the changes in the dermal fibers io chronic solar derma-
tosis is shown here. Elastotic fibers (ef) have rounded inclusions of ground substance and
degraded collagen. No normal collagen is present, but degraded collagen is dispersed
throughout the ground substance, and in large amounts along the surface of the elastotic
fibers. Close to the fibroblasts are two masses of degraded collagen which have condensed,
and have osmiophilic inclusions, and thin bands of transparent material in them (c.d.c.).
Dermis from the facial region of a man aged 70. (Electron micrograph X9,200.)
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FIG. 14. A late stage in chronic solar dermato-
sis. An attenuated fibroblast, which has little
endoplasnuc reticulum, is surrounded by frag-
ments of pale clastin and degraded collagen, which
lie dispersed among the ground substance.
Dermis from exposed skin from the neck of a
man aged 77. (Electron micrograph >< 3,412.)
stains. Possibly the mass acts as an irritant, and
stimulates the production of reticular fibers. A
similar increase in reticular fibers is found near
the basal cells in a basal cell carcinoma.
The filamentous material is often dispersed
and appears to have an affinity for the elastotic
fiber and probably for normal elastic fibers also.
Filamentous debris and faintly staining collagen
fibrils may be seen lying against the surface in
Figs. 5 and 6. Similar material may also be seen
inside the fiber where ground substance has been
enclosed, and may be responsible for much of
the dense staining fibrillar material inside the
elastotie fiber. This incorporation of degraded
collagen into elastotic material can occur on a
large scale and would account for a great increase
in the bulk of the elastotic fiber, and also for the
disappearance of collagen. Frequently, however,
masses of filamcntous degraded collagen were
seen which did not disperse, bnt had irregular
narrow bands of translucent material around
and within them. The similarity of the appearance
of this translucent material to elastin suggests
that it may be an elastin-like material produced
from the degraded collagen by ultraviolet radia-
tion. While difficult to prove, this is not unlikely,
in view of the fact that the production of such a
material from collagen has been shown to occur
in vitro at 29° C nnder the influence of ultraviolet
radiation. (21).
The composite nature of the orceinophilie
masses is illustrated in Fig. 13. Near the center
of the picture are two degraded collagen masses
which have translucent material in them. Above
and below are altered elastic fibers which have a
coating of degraded collagen filaments. The elas-
tin-staining material derived from both elastin
and collagen appears to lack cohesion, because it
breaks up, (Fig. 14) and may be fairly widely
dispersed in the ground substance. This material
may then become reassembled into composite
masses.
Although so little is known of the formation of
collagen, and especially elastic and reticular
fibers, many assays point to the fundamental
similarities in the biochemical composition of
these fibers which emerge as structurally distinct
entities from the ground substance. By various
chemical means it has been found possible to
alter the staining characteristics of collagen to
resemble those of elastin in vitro (32). After deg-
radation of collagen, and alteration of the elastin,
the physical mixing of one material with another,
and their interchange with the closely related
ground substance, may well occur in vivo. This
concept of the formation of elastin-stained masses
is essentially the same as that proposed by Tlnna
in 1894 (33), and by many histologists since then
(7): that they consisted of elastic tissue, with
degenerated collagen, which together formed a
new substance. It also agrees with the findings of
Niebaucr and Stockinger (23). There may be
alterations in the nature of the ground substance
in chronic solar dermatosis, and biochemical
studies show that it is increased in amount (17).
When the dermis is handled in the fresh state
it imparts a slimy feeling, which suggests some
change has occurred. There is also evidence of
change in senile skin, although this evidence
is conflicting. In old dermis (from an unexposcd
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FIG. 15. A blood vessel in the papillary layer of the dermis. Arrows indicate apparentdiscontinuities in the wall between endothelial cells. A basement membrane is not seen.
Degraded collagen (dc) and clastotic fibers (ef) surround the blood vessel. This is the type
of blood vessel which is shown in figure 4, at the lower left side.
Dermis from the forehead of a man aged 64. (Electron micrograph >(9,660).
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fibroblasts and other cells with the building
blocks, and stimulate them to produce ground
substance and fibrils. The phagocytosis of mast
cell granules by macrophages, and other cells,
is very frequent, and has been photographed in
short term tissue culture (37). In this material
mast cells were often found in close proximity
to macrophages and fibroblasts (as illustrated in
Fig. 19) and it is very likely that a direct transfer
of granules was occurring. It is believed that on
the release of the granule from the mast cell, the
cytoplasm which was at one tim.e superficial to
the granule is formed into a typical mast cell
process.
area) Ma and Cowdry (9) noted a cloudiness in
the ground substance in thick sections and sug-
gested this may indicate a change in it which
could account for the decreased permeability
found to exist in aged tissues by Duran-Reynolds
(34). On the other hand, Dc Salva et al (35)
found that saline clears more rapidly from aged
skin, and thought this was due to degenerative
changes in the dermis.
The part played by mast cells in maintaining
the ground substance is not yet clear. They may
actually form the ground substance themselves,
or as suggested by Riley (36), they may supply
FIG. 17. A mast cell above, and a maerophage
lying in an area of degraded collagen. The mast
cell has typically fine, short, T-shaped processes;its cytoplasm has few ribosomes, and very little
endoplasmie reticulum. There are many specific
granules of different types, but they are all rather
pale-staining. There is often a space between the
granule and the surrounding membrane. The
nucleus is irregularly indented, and contains a
nucleolus, and an unidentified inclusion.
The macrophage contains aggregates of melanin
granules (amg), and several examples of a different
type of inclusion (z).
Dermis of skin from the neck of a man aged 67.
(Electron micrograph >< 8,280.)
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FIG. 16. A blood vessel in the papillary layer of
the dermis. The endothelial cells are greatly
thickened. The cytoplasm contains many large
irregular vesicles which may be derived from the
type of deformed mitochondrion at m. Multi-
vesicular bodies (mvb) are present near the cell
surface which is very irregular. The arrow indi-
cates a cell junction. Note the long interdigitating
processes and wide spaces. Degraded filamentous
collagen (dc) is present but the basement mem-
brane cannot be seen.
Dermis from the forehead of a man aged 70.
(Electron mierograph >< 11,200.)
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The structure of the mast cells seen in chronic
solar dermatosis indicated that they were active
cells, but essentially normal for the human skin;
and the number present was probably within
normal limits. There is no suggestion here of the
tremendous increase in number which occurs
when there is epidcrmal hyperplasia, as in solar
keratosis, or in carcinogenically induced pre-
cancerous lesions in mice (38).
There appears to be little difference in the type
of damage caused by long term solar radiation
and by long term X-radiation, although the
shorter wave lengths penetrate deeper. Many
investigators who have written on the skin
changes produced by experimental irradiation
record profound changes in the dermis which
precede by many months the hyperplastic and
neoplastic changes in the epidermis (39), sug-
gesting an etiological relationship. The frequency
with which chronic solar dermatosis is associated
with cutaneous malignancies of various types
has been investigated by Mackie and McGovern
(40), who found that "collagen degeneration"
was present in every case of a large series of solar
keratoses, also in every case of squamous cell
carcinoma which had developed from a solar
keratosis, and in most cases of basal cell carci-
noma occurring in exposed parts of the body.
There are, of course, a great many cutaneous
malignancies which develop without dermal
changes, and in these there may be primary
change in the epidermal cells, such as a mutation,
which could initiate a malignant change. If the
dcrmal changes are of etiological significance,
they may be effective in a number of ways; for
example, by the dcrmal masses acting as an irri-
tant and stimulating the epidermis (4); or by
interference with the nutrition of the epidermis,
leading to a slow augmentation of its growth
power. Wolbaeh in 1909 (39) first described the
profound histological changes which occur in
dermal arteries, veins, and capillaries in chronic
X-ray dermatitis. Smooth muscle was replaced
by hyaline connective tissue and fibroblasts, and
the endothelium was often swollen and vacuo-
lated. These changes led to the obliteration of
nrteries and veins, and telangieetasis of capil-
laries. The vessels in the papillary layer of the
dermis were probably the most affected. Blum
and Terus (42) showed that wavelengths of 3,000
A can penetrate the dermis and affect the blood
vessels in the papillary layer of the dermsi.
Rio. 18. A mast cell (ms), macrophage (mc),
and fibroblast lying close together in degraded
collagen. The mast cell has a centriole (c) which
lies close to a nuclear indentation. Nearby is a
prominent Golgi Zone with many mierovcsielcs.
The specific granules are mainly lamellated, and
sometimes surround a granular core. A number of
small vcsiclcs lie close to the cell surface.
The macrophage cnntains large mitochondria, and
inclusions (z).
Dermis from same subject as figure 17. (Electron
micrograph X 13,800. Insert X 55,200.)
Maekie and McGovern (40) considered that the
damage to the retc papillare and vertical papil-
lary loops was considerable in chronic solar
dcrmatosis. The electron microscopy of the
dermal vessels in this study confirmed and am-
plified Wolbach's findings. Much of the cellular
structure was missing in the larger vessels, and
replaced by thick bands of degraded collagen and
elastotic material which reached right up to the
endothelial cells. Capillaries showed evidence of
alterations in fluid transport. Large cytoplasmic
vcsicles were present, evidently derived from
mitochondria. The luminal surface of the cells
often had irregular, mierovillous projections, or
jr.•
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Fm. 19. A mast cell (ms) lies in close proximity to a fibroblast (fb) with apparent loss
of their cell membranes over a short distance. A mast cell granule may be entering the
fibroblast at this point. The inclusion (x) in the fibroblast may be derived from a mast cell
granule. Most of the mast cell granules are lamellated, and many of them are polycentric;
a few are granular, with no membranous lamellae.
Dermis from the facial skin of a man aged 60. (Electron micrograph X18,400).
large cytoplasmic blebs, and the space bctween
adjacent endothelial cells was greatly increased.
Normal pinocytotic vesicles were often not pres-
ent. These changes indicated that nutritional
insufficiency for the dermis and overlying epi-
dermis was likely to exist.
Wolbach considered that in chronic X-ray
dermatitis the dermal changes were always pro-
gressive. There is evidence that in chronic solar
dermatosis this progression is not inevitable. It
appears from experiments done with autogenous
grafts in humans that, if skin with chronic sun
damage is grafted to an unexposed site, there is
a definite though incomplete return of the dermis
and epidermis toward a normal appearance
within 10 months (43). Skin moved from an
unexposed to an exposed site showed no change
in this period; it may take 15 years for the changes
of solar derniatosis to occur under these condi-
tions. (10). It is obvious from the way wounds
heal in senile and collagen degenerated skin that
a formation of normal tissue must be possible, in
spite of the gross changes apparent at the dcc-
tron microscopic level. As we have solar barrier
creams available which will filter out the radia-
tions of 2,900—3,100 A known to be harmful to
the skin, it seems that an effort should be made
to work out by histological, biochemical, and
electron microscopic means the amount of re-
covery which may be expected, and the most
efficient way of using filters. Complete protection
from these radiations would not be required in a
normal skin, even if it could be achieved.
The concept that, because of cellular activity,
dermal damage is not necessarily progressive or
permanent, but may respond to efficient treat-
ment, should provide a stimulus for such investi-
gation.
SUMMARy
1. A light and electron microscopic study of
the dermis in chronic solar dermatosis showed
that there are changes in collagen, reticular and
elastic fibers, which lead to a great reduction in
the amount of organized fibrous tissue present
in the dermis.
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2. The collagen fibrils, which are normally
formed by tightly-packed, strictly-aligned fila-
ments, are degraded, with the release of the
filaments to form disorientated, orceinophilic
masses. The reticular fibers are similarly changed.
3. There is hypertrophy and dispersion of the
elastic fibers which have degraded collagen and
ground substance included in their substance.
4. The orceinophilic masses in chronic solar
dermatosis are formed from both degraded
collagen and altered elastin, frequently in combi-
nation.
5. Changes in the dermal blood vessels are de-
scribed which indicate that the nutrition of the
dermis and epidermis maybe impaired.
6. The relationship between the dermal
changes of chronic solar dermatosis and cutane-
ous malignancy is discussed.
FIG. 20. Mast cell granules which show a regular
periodicity (a), and lattice structure (b). The
granule (c) has a very finely granular core with a
denser periphery, and this is surrounded by lamel-
lae.
Dermis from the same subject as figure 19.
(Electron micrograph >< 40,800.)
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